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Multiply
By To obtain Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
The water year (WY) begins October 1 and ends September 30 of the following year. The WY is designated by the calendar year in which it ends; for example, WY 2014 begins on October 1, 2013, and ends on September 30, 2014.
Introduction
The U.S. Geological Survey (USGS), in cooperation with State, county, municipal, and other Federal agencies, collects a large amount of data pertaining to the water resources of Iowa each year. These data constitute a valuable database for developing an improved understanding of State water resources. Surface-water data for Iowa include records of stage, discharge, and water quality of streams and records of stage of lakes and reservoirs. Iowa has 71,000 miles (mi) of rivers and streams (Iowa Department of Natural Resources, 2000) , and measurements collected from USGS streamflow-gaging stations on those streams (gaged sites) only account for a very narrow representation of the surface-water flow in the State. There is a strong need by water-resource managers of the Iowa Department of Natural Resources (IDNR) for a consistent and documented method for providing streamflow estimates in Iowa at locations where no USGS streamflow-gaging station is present (ungaged sites). Streamflow estimates at ungaged sites would aid water-resource managers in environmental studies, hydraulic design, water management, and water-quality projects.
The USGS maintains about 149 real-time streamflowgaging stations in Iowa where daily mean streamflow information is available (U.S. Geological Survey, 2014) . This streamflow information provides the basis for understanding the hydrologic characteristics of drainage basins (basins), and, in combination with water-quality information collected at a monthly time step at 75 locations across the State by State and Federal agencies, aids in the understanding of risks imposed on human and ecosystem health. Because the information collected at gaged sites is site specific, the ability to confidently use these data to infer information at ungaged sites within a basin for adaptive management and decisions can be limited.
Hydrological models are one tool that can be used to overcome the lack of hydrologic information at ungaged sites in eastern Iowa (Christiansen, 2012) . Precipitation-Runoff Modeling System (PRMS) models (Leavesley and others, 1983; Markstrom and others, 2008; Markstrom and others, 2015) were constructed, in cooperation with the IDNR, for nine river basins in eastern Iowa as part of an ongoing research project to examine methods of estimating daily streamflow at gaged and ungaged sites. Hydrological models can be combined with other predictive methods and techniques, such as the Flow Duration Curve Transfer and the Flow Anywhere methods (Linhart and others, 2013) , to provide a comprehensive approach in developing near real-time streamflow estimates.
Purpose and Scope
This report describes the use of the USGS PRMS (Leavesley and others, 1983; Markstrom and others, 2008; Markstrom and others, 2015) for simulating daily streamflow in nine eastern Iowa River basins draining into the Mississippi River. The construction, calibration, and evaluation of PRMS models of nine river basins in eastern Iowa to simulate daily streamflow at gaged and ungaged sites are described. Model performance is assessed to determine the ability of PRMS to estimate streamflow and, thus, the suitability for the model to serve as part of a suite of methods for estimating daily streamflow at ungaged sites. Model limitations are investigated and described.
Description of Study Areas
The PRMS models were constructed for a total of nine river basins in eastern Iowa that are tributaries to the Mississippi River: Upper Iowa River Basin, Yellow River Basin, Turkey River Basin, Maquoketa River Basin, Wapsipinicon River Basin, Iowa River Basin, Skunk River Basin, Des Moines River Basin, and Fox River Basin (figs. 1 and 2). Although the percentage varies, all basins are dominated by agriculture in the form of corn and soybeans (U.S. Department of Agriculture, 2014) . There are livestock operations (including beef and dairy cattle, hogs, sheep, and poultry) in varying amounts in each of the nine river basins in eastern Iowa. In addition, tile drainage is extensive throughout each basin to enhance crop production by removing excess water from the soil. The eastern part of the State spans seven of Iowa's landform regions, and each has a characteristic topography and glacial history (Prior and others, 2009; Prior, 1991) (fig. 1 ).
The first of these nine basins in eastern Iowa, the Upper Iowa River Basin, is in northeast Iowa, drains about 1,005 square miles (mi 2 ), and extends from its headwaters in Mower County, Minnesota, to the Mississippi River in northeast Allamakee County, Iowa (figs. 1 and 2). The Upper Iowa River Basin is in an area of the State characterized by rugged hills, steep topography, a complex network of springs, and diverse land use. Most of the Upper Iowa River Basin is within the Paleozoic Plateau landform region; the western part of the Upper Iowa River Basin is within the Iowan Surface landform region ( fig. 1 ). Three USGS streamflow-gaging stations in the Upper Iowa River Basin were used in this study (table 1; fig. 2 ).
The Yellow River Basin originates in southwestern Winneshiek County, northeast Iowa, and drains about 240 mi 2 before its confluence with the Mississippi River in Allamakee County, Iowa ( fig. 1 ). The Yellow River Basin is within the Paleozoic Plateau (figs. 1 and 2). The Yellow River Basin is mainly forest or agricultural land with little urban development (Iowa Department of Natural Resources, 2009). One USGS streamflow-gaging station in the Yellow River Basin was used in this study (table 1; fig. 2 ).
The Turkey River Basin originates in Howard County, northeast Iowa, and drains about 1,685 mi 2 into the Mississippi River in Clayton County, Iowa (figs. 1 and 2). The upper part of the Turkey River Basin is within the Iowan Surface, and the lower part lies within the Paleozoic Plateau ( fig. 1 ). Six USGS streamflow-gaging stations in the Turkey River Basin were used in this study (table 1; fig. 2 ).
The Maquoketa River Basin drains about 1,880 mi 2 in northeast Iowa, originates in Fayette County, Iowa, and flows southeast to the Mississippi River in Jackson County, Iowa (figs. 1 and 2). The Maquoketa River Basin consists of the Iowan Surface and East-Central Iowa Drift Plain landform regions, and a small part in the northeast extends into the Paleozoic Plateau ( fig. 1 ). Three USGS streamflow-gaging stations in the Maquoketa River Basin were used in this study (table 1; fig. 2 ).
The Wapsipinicon River Basin drains 2,540 mi², originates in Mower County, southeastern Minnesota, and extends about 225 mi southeast to its confluence with the Mississippi River (figs. 1 and 2). Most of the Wapsipinicon River Basin lies within the Iowan Surface, but small parts cross into the East-Central Iowa Drift Plain and Southern Iowa Drift Plain landform region in the eastern part of the Wapsipinicon River Basin near the outlet ( fig. 1 ). Seven USGS streamflow-gaging stations in the Wapsipinicon River Basin were used in this study (table 1; fig. 2 ).
The Iowa River Basin drains about 12,640 mi 2 and extends from its headwaters in southern Minnesota to its outlet in Louisa County, southern Iowa ( fig. 1 ). The Cedar River is the largest tributary to the Iowa River and drains about 7,815 mi 2 before its confluence. The Iowa River Basin is the second largest basin in Iowa that extends into the Des Moines Lobe landform region in the northwest part, the Iowan Surface in the central and eastern parts, and the Southern Iowa Drift Plain and the Iowa-Cedar Lowland in the southern part of the basin ( fig. 1 ). Cedar Rapids, Waterloo, and Iowa City, Iowa, are the primary urban centers within the Iowa River Basin. A total of 33 USGS streamflow-gaging stations in the Iowa River Basin were used in this study (table 1; fig. 2 ). 
Model Development
The PRMS is a deterministic, distributed-parameter, physical-process-based modeling system developed to evaluate the response of streamflow and general basin hydrology to various combinations of climate and land use (Markstrom and others, 2015) . The PRMS simulates the hydrologic system with known physical laws and empirical relations derived from basin characteristics (Markstrom and others, 2008) . The PRMS is designed to account for spatially distributed parameters and basin characteristics. A schematic diagram of how basin and climate inputs are simulated in a typical PRMS model is shown in figure 3 .
In PRMS, a basin is divided into a series of contiguous spatial units called hydrologic response units (HRUs) based on hydrologic and physical characteristics such as land surface altitude, slope, aspect, plant type and cover, land use, soil morphology, geology, drainage boundaries, distribution of precipitation, temperature, solar radiation, and flow direction (Markstrom and others, 2008) . The HRUs receive and produce streamflow to and from each other, and to the drainage network consisting of stream segments (Goode and others, 2010) . Individual HRUs are considered homogenous with respect to hydrologic and physical characteristics, and storage components are instantaneously and fully mixed. Energy and water balance are computed by PRMS daily for each HRU (Markstrom and others, 2008) .
The PRMS models of nine river basins in eastern Iowa were constructed in several steps, which included the compilation of necessary datasets, the delineation of HRU boundaries to accommodate the stream network and provide streamflows at specific locations for calibration and validation, and the parameterization of model HRUs and stream segments. This section describes the procedures used to prepare input datasets, basin discretization, and parameterization for the PRMS models of nine river basins in eastern Iowa.
Delineation and Parameterization of Spatial Features
For this study, a geospatial database was created for use within a geographic information system (GIS) to support model discretization, characterize the physical features of the basins, and estimate PRMS model parameters. The geospatial database consisted of the National Land Cover Database, Percent Impervious, U.S. The GIS Weasel (Viger and Leavesley, 2007) was used to delineate, characterize the physical features of, and estimate initial parameter values for input into PRMS models of nine river basins in eastern Iowa. The DEMs were processed by the GIS Weasel, which created raster datasets of flow direction and flow accumulation. A drainage network was extracted from this surface by finding all points at which the flow accumulation is equal to or greater than a user-specified threshold (Viger and Leavesley, 2007) . Each drainage network was segmented at stream tributaries from headwater to the confluence with the Mississippi River. An interactive process in the GIS Weasel was used to discretize the HRUs based on the drainage network dataset and location of USGS streamflowgaging stations (Viger and Leavesley, 2007 
Model Input and Measured Data
The PRMS can use many meteorological inputs. Precipitation, minimum temperature, and maximum temperature were used in the PRMS models of nine river basins in eastern Iowa as the main climatic drivers. In addition to meteorological inputs, PRMS also can use streamflow-gaging station data in place of simulated streamflow. This is especilly useful where flows are heavily affected by upstream regulation. The Iowa River and Des Moines River Basin models used streamflowgaging station data as input at USGS streamflow-gaging stations 05453520, 05481650, and 05488110 to accurately account for outflows from upstream reservoirs during simulations (table 1; fig. 2 ).
The USGS streamflow-gaging station data and meteorological datasets for precipitation and temperature were prepared using the USGS Downsizer program (Ward-Garrison and others, 2009). The Downsizer program is a computer application that selects, downloads, verifies, and formats station-based time-series data for PRMS and other environmental modeling programs. The quality-control dialog in Downsizer was used to select National Oceanic and Atmospheric Admin- 
Model Calibration, Validation, and Evaluation
Calibration and validation periods used in each basin mostly were October 1, 2002, through September 30, 2012. The calibration or validation period differed depending on the period of record available for daily mean streamflow measurements at U.S. Geological Survey streamflow-gaging stations (table 1) .
The PRMS model was calibrated using the Luca computer program (Hay and Umemoto, 2006) . Luca is a graphical user interface that provides a simple, systematic way of implementing a multiple-objective, stepwise calibration of the PRMS model parameters. Luca uses the Shuffled Complex Evolution (SCE) (Duan and others, 1993) global search algorithm to calibrate model parameters. Luca has been used by researchers to calibrate many PRMS models (Hay and Umemoto 2006; Dudley, 2008; Goode and others, 2010; Christiansen, 2012; LaFontaine and others, 2013; Haj and others, 2014) .
In this study, Luca was used to complete a multipleobjective, stepwise calibration of the PRMS models of nine river basins in eastern Iowa. A total of 79 USGS streamflowgaging stations throughout the nine river basins in eastern Iowa were used for calibration with emphasis on matching model simulated daily streamflow with measured daily streamflow ( fig. 2; table 3 ). The Luca calibration includes three objective functions-low, high, and mean flows-in an effort to accurately represent all flow regimes. A basin-wide, sixstep calibration of climate and streamflow related parameters (table 4) was initially completed, and additional calibration of subbasin streamflow parameters (table 4) was completed at selected gaged sites (table 3) to increase the parameter resolution and accuracy. Of the remaining 17 gaged sites (tables 1 and 3), data from 3 were used for input to account for outflows from reservoirs (as discussed in "Model Input and Measured Data"), and data from 14 were used for model validation to demonstrate potential accuracy of model estimated daily streamflows at ungaged sites.
Statistical tests were used to evaluate how well each PRMS model of the nine river basins in eastern Iowa estimated daily streamflow. The Nash Sutcliffe efficiency (NSE), coefficient of determination (R 2 ), percent bias (PBIAS), and root mean square error-observation standard deviation ratio (RSR) statistics (Moriasi and others, 2007; Singh and others, 2004; Nash and Sutcliffe, 1970) were used to evaluate model performance. The NSE is a normalized statistic that provides a measure of how well simulated values match measured datasets. The NSE values range from -∞ to 1. Values of 0 or less indicate that the mean measured streamflow is a better predictor than simulated streamflows. A value of 0.0 indicates the simulated streamflow is as good as using the average value of all the measured data, and a value of 1 indicates a perfect fit between measured and simulated values. Moriasi and others (2007) suggest that a monthly NSE of greater than 0.50 is satisfactory in basin models such as PRMS. Although daily values may be lower than 0.50 and still hold a satisfactory rating, an NSE value of greater than 0.50 is considered satisfactory.
The R 2 evaluates how accurately the model tracks the variability in the measured data that is explained by the simulated data. The R 2 can reveal the strength of the linear relationship between the predicted and the measured values. It can range from 0 and 1, and the closer the value is to 1 the better the linear correlation between simulated and measured values (Kalin and Hantush, 2006) . Values above 0.5 are considered to be satisfactory (Gassman and others, 2007) .
The PBIAS measures the average tendency of the simulated data to be larger or smaller than their observed 
Calibration step 2
Water balance NRMSE: adjust_rain nmonth 0-2.0 Precipitation adjustment factor for rain days.
1. Annual 2. Monthly mean 3. Mean monthly adjust_snow nmonth 0-2.0 Precipitation adjustment factor for snow days.
Calibration step 3
Daily flow NRMSE: adjmix_rain nmonth 0.6-1.4 Factor to adjust proportion in mixed rain/snow event. counterparts (Gupta and others, 1999) . A PBIAS value of 0.0 indicates ideal performance, whereas positive values indicate underestimation bias and negative values indicate overestimation bias (Moriasi and others, 2007) . Model performance for streamflow is considered "very good" if the PBIAS is between 0 and plus or minus (+/-) 10 percent, "good" if the PBIAS is between +/-10 and +/-15 percent, "satisfactory" if the PBIAS is between +/-15 and +/-25 percent, and "unsatisfactory" if the PBIAS is +/-25 percent and greater (Moraisi and others, 2007) . The RSR was developed to use the standard deviation of observations to qualify what is considered a low root mean square error for model performance (Singh and others, 2004) . The RSR incorporates the benefits of error index statistics and includes a normalization/scaling factor. The RSR ranges from 0 (optimal value) to a large positive value (poor fit) (Singh and others, 2004) . The lower the RSR value, the better the model simulation performance. If RSR is between 0 and 0.5 then performance is "very good," if RSR is between 0.5 and 0.6 then performance is "good," RSR between 0.6 and 0.7 is "satisfactory," and RSR greater than 0.7 is "unsatisfactory" (Moraisi and others, 2007) .
The statistics NSE, R 2 , PBIAS, and RSR are defined as: 
where is the standard deviation of the observations, and n is the total number of measurements.
The PRMS models of nine river basins in eastern Iowa were evaluated at 79 calibration and 14 validation gaged sites ( fig. 2; table 3 ). The NSE, R 2 , PBIAS, and RSR daily values for the period used for calibration are listed for each of these sites (table 3) . Based on statistical results, the nine eastern Iowa river basin PRMS models are a good fit for daily streamflow estimation at most sites because PBIAS and RSR ratings range from very good to good, and NSE and R 2 ratings are satisfactory (table 3) . Some headwater sites show unsatisfactory ratings. Explanation of the statistical results by river basin is provided in "Simulation of Daily Streamflow for Nine River Basins in Eastern Iowa Using the Precipitation-Runoff Modeling System." 
Simulation of Daily Streamflow for Nine River Basins in Eastern Iowa Using the Precipitation-Runoff Modeling System
The estimates of PRMS models of nine river basins in eastern Iowa for daily streamflow at USGS streamflow-gaging stations varied in accuracy when compared to measured daily streamflow data. Models were satisfactory at estimating daily streamflow at USGS streamflow-gaging stations based on statistical results; however, at some gaged sites, the models were below a satisfactory level. Results from the nine eastern Iowa River Basin models are presented below.
The Upper Iowa River Basin PRMS model meets the criteria for satisfactory fit or better for streamflow estimation at all streamflow-gaging stations (table 3) . A comparison of simulated and measured streamflow at the streamflow-gaging station nearest to the outlet, station 05388250, shows that for the calibration period (October 1, 2002 , through September, 30, 2012 model output estimates peak timing and volumes well, but either overestimates or underestimates some peak flow volumes (fig. 5) .
The Yellow River Basin PRMS model also meets the criteria for satisfactory fit or better for streamflow estimation at all streamflow-gaging stations (table 3) . A comparison of simulated and measured streamflow at the streamflow-gaging station nearest to the outlet, station 0589000, shows that for the calibration period (October 1, 2004 , through September, 30, 2012 model output estimates peak timing and volumes well ( fig. 5 ). Peak flow events that happen during the winter months (January, February, and March) are underestimated possibly because of the effects of frozen ground, which are not captured in the version of the model used for this study, the underestimation of rainfall in a rain-snow event, or underestimation of snow-melt runoff. The model also underestimates the record peak flows during 2007 and 2008. These two exceptions and minor base flow discrepancies could be improved upon with more extensive and informed calibration.
The Turkey River Basin PRMS model meets the criteria for satisfactory fit or better for streamflow estimation in all streamflow-gaging stations except at stations 05411600 and 05412340 (table 3) . A comparison of simulated and measured streamflow at the streamflow-gaging station nearest to the outlet, station 05412500, shows that for the calibration period (October 1, 2002 , through September, 30, 2012 model output estimates peak timing and volumes well; however, peak flow volumes tend to be underestimated ( fig. 5) . As with the Yellow River Basin model, the Turkey River Basin model also underestimates peak flow events that happen during the winter months (January, February, and March).
The Maquoketa River Basin PRMS model exceeds the minimum criteria for satisfactory fit or for streamflow estimation in all streamflow-gaging stations except at station 05416900. A comparison of simulated and measured streamflow at the streamflow-gaging station nearest to the outlet, station 05418500, shows that for the calibration period (October 1, 2002 , through September, 30, 2012 model output estimates peak timing and volumes well; however, peak flow volumes during lower flows tend to be overestimated, whereas peak flow volumes during higher flows tend to be underestimated. (table 3; fig. 5 ).
The Wapsipinicon River Basin PRMS model meets the criteria for satisfactory fit or better for streamflow estimation in all streamflow-gaging stations except at station 05420560. A comparison of simulated and measured streamflow at the streamflow-gaging station nearest to the outlet, station 05422000, indicates that for the calibration period (October 1, 2002 , through September, 30, 2012 ) model output estimates timing of peak flows well; however, peak flow volumes during lower flows tend to be overestimated, whereas peak flow volumes during higher flows tend to be underestimated (table 3; fig. 5 ).
The Iowa River Basin PRMS model also exceeds the minimum criteria for satisfactory fit or for streamflow estimation in all but 9 of the 32 streamflow-gaging stations (table 3) . A comparison of simulated and measured streamflow at the streamflow-gaging stations 05453100 and 05465000 indicates that for the calibration period (October 1, 2002 , through September, 30, 2012 model output estimates peak flow timing well (table 3; fig. 5 ). Peak flow volumes are generally underestimated.
The Skunk River Basin PRMS model also meets the criteria for satisfactory fit or better for streamflow estimation in all streamflow-gaging stations (table 3) . A comparison of simulated and measured streamflow at the streamflow-gaging station nearest to the outlet, station 05474000, indicates that for the calibration period (October 1, 2002 , through September, 30, 2012 model output estimates peak timing and volumes well; however, peak flow volumes during lower flows tend to be overestimated, whereas peak flow volumes during higher flows tend to be underestimated (table 3; fig. 5 ).
The Des Moines River Basin PRMS model exceeds the minimum criteria for satisfactory fit or for streamflow estimation in all but 9 of the 29 streamflow-gaging stations (table 3) . A comparison of simulated and measured streamflow at station 05484500 on the Raccoon River indicates that for the calibration period (October 1, 2002 through September, 30, 2012 model output estimates peak flow timing and volumes well, however peak flow volumes are generally overestimated. A comparison of simulated and measured streamflow at station 05481300 on the Des Moines River shows that for the calibration period (October 1, 2002 , through September, 30, 2012 model output estimates peak flow timing and volumes well; however, peak flow volumes during lower flows tend to be overestimated, whereas peak flow volumes during higher flows tend to be underestimated (table 3; fig. 5 ).
The Fox River Basin PRMS model meets the criteria for satisfactory fit or better for streamflow estimation at one of the two streamflow-gaging stations, the streamflow-gaging station nearest to the outlet, station 05495000. For the calibration 2002 , through September, 30, 2012 , the model output estimates peak flow timing well, but tends to underestimate peak flow volumes, and overestimate and poorly characterize base flow volumes (table 3; fig. 5 ).
EXPLANATION
Overall, the PRMS models of nine river basins in eastern Iowa constructed for this investigation satisfactorily estimate daily streamflow at 57 of the 79 calibration and 13 of the 14 validation gaged sites as indicated by the NSE, R 2 , PBIAS, and RSR values presented in table 3. In general, gaged sites in headwater subbasins with small drainage areas and streamflows tended to have less accuracy than the main-stem gaged sites with larger drainage areas and streamflows. The graphs of measured and simulated values at selected USGS streamflowgaging stations within the basins show that the models indicate that unsatisfactory performance may be attributed to several factors: (1) low flow, no flow, and flashy flow conditions in headwater subbasins having a small drainage area; (2) poor representation of the groundwater and storage components of flow within a basin; (3) lack of accounting for basin withdrawals and water use; and (4) the availability and accuracy of meteorological input data. In addition, streamflow is simulated at a daily time step, so shorter-duration, flashy streamflow events are not well represented. A more robust subdaily modeling routine may be necessary at the smaller headwater subbasins to accurately reflect flashy, subdaily climatic events. Further refinement and calibration with more detailed information on groundwater and subsurface storage, water use, and local precipitation and temperature would better guide the proper modeling of low and peak flows and improve model performance.
As indicated in the statistical results at validation gaged sites (which evaluate the accuracy of the model at potential ungaged sites), calibrated models can provide satisfactory streamflow estimates throughout the nine river basins in eastern Iowa, at a model HRU and stream segment scale (table 3) . The PRMS models provide a consistent and documented method for streamflow estimation at locations within the basin that may not have available USGS streamflow-gaging station information.
Model Limitations
The PRMS model uses parameters generated by the GIS Weasel that are dependent upon soil and land cover input datasets (see "Delineation and Parameterization of Spatial Features"). These datasets are dated, have variable degrees of resolution, and may not reflect current land cover or land use conditions in parts of the study area. These inaccuracies may contribute to the overestimation or underestimation of streamflow by the PRMS model.
The PRMS model depends on the use of meteorological datasets to drive the model computations to simulate streamflow. In this study, a network of meteorological stations was used to derive precipitation and temperature model inputs. The spatial distribution of the meteorological stations used to interpolate the spatial distribution of temperature and precipitation within the nine river basins in eastern Iowa is shown in figure 4. Temperature and precipitation can vary over small distances; this variability may not be captured by meteorological stations; for example, summer thunderstorm activity can produce rapid changes in temperature and a large amount of precipitation in a small area. Summer thunderstorm activity can be missed if there is no meteorological station in the area; thus, the lack of accurate meteorological data over each basin could have contributed to the underestimation or overestimation of daily streamflow. The use of a more robust spatial distribution of climatic data such as Next Generation Radar (NEXRAD), a product of the National Weather Service (NWS), may aid in improving climatic calculations that are the driving forces of the PRMS model (Kalin and Hantush, 2006) .
There are several notable limitations in the PRMS models. First, the PRMS models have a daily time step that has all flows and storages expressed as daily mean values. Because of this, error may result because of the daily averaging of near land-surface flows, or when streamflow changes during subdaily time increments (Markstrom and others, 2012) . Second, flows and storages are assumed to be homogeneous within each HRU, and some hydrologic complexity and parameter variability within an HRU may be lost. Third, the method of simulating solar radiation values for each HRU does not account for variations in solar activity or changes in atmospheric events. This limitation, however, typically results in only small changes in solar radiation, which have a minimal effect on hydrologic variables and projected basin runoff (Markstrom and others, 2012) . Fourth, there are complications in simulations when rain falls on the snowpack in excess of its available pore space. Either the water will runoff the snowpack, in which case it is erroneously considered as snowmelt, or the water will freeze to the snowpack causing the model to later report more snowmelt than snowfall (Markstrom and others, 2012) . Both of these cases may complicate interpretation of the model with regard to rain on snowpack events. This study used the Jensen-Haise method (Jensen and others 1970; and Markstrom and others, 2008) to estimate stationary monthly mean values for potential evapotranspiration (PET) at each calibration point for subbasin calibration, which may be a source of uncertainty in the model. Studies (Kingston and others, 2009; and Donohue and others, 2010) show that this uncertainty is reduced because PRMS uses simulated PET, vegetation type, land-use characteristics, soil type, simulated atmospheric conditions, and soil moisture availability to compute actual evapotranspiration (AET), and it is AET that PRMS used in the water balance simulation (Markstrom and others, 2008; and Markstrom and others, 2012) . A more detailed discussion of PET uncertainty in the PRMS model is presented in Markstrom and others (2012) .
Summary
The U.S. Geological Survey (USGS) maintains about 149 real-time streamflow-gaging stations in Iowa where daily mean streamflow information is available. This streamflow information provides the basis for understanding the hydrologic characteristics of basins and, in combination with waterquality information collected at a monthly time step at 75 locations across the State by State and Federal agencies, aids in understanding risks imposed on human and ecosystem health. Because the information collected at these streamflow-gaging stations is site specific, the ability to confidently use these data to infer streamflow information at ungaged sites within a basin for adaptive management and decisions can be limited. Hydrological models are one tool that can be used to overcome this limitation in eastern Iowa. Precipitation-Runoff Modeling System (PRMS) models were constructed in cooperation with the Iowa Department of Natural Resources for nine river basins in eastern Iowa as part of an ongoing research project to examine methods of estimating daily streamflow at gaged and ungaged sites.
The PRMS models were constructed for a total of nine river basins in eastern Iowa that are each a tributary to the Mississippi River: Upper Iowa River Basin, Yellow River Basin, Turkey River Basin, Maquoketa River Basin, Wapsipinicon River Basin, Iowa River Basin, Skunk River Basin, Des Moines River Basin, and Fox River Basin. The construction, calibration, and evaluation of PRMS basin models to simulate daily streamflows and hydrologic components for river basins in eastern Iowa were described. Model performance was assessed to determine the ability of PRMS to estimate streamflow and the suitability for models to serve as part of a suite of methods for estimating daily streamflow at ungaged sites. Model limitations were investigated and described.
The PRMS is a modular, distributed-parameter, physicalprocess basin model developed to evaluate the effects of various combinations of precipitation, climate, and land use on surface-water runoff. The PRMS simulates the hydrologic system with known physical laws and empirical relations derived from basin characteristics. The nine river basins in eastern Iowa were delineated with the GIS Weasel. The GIS Weasel was used to characterize the physical features of each river basin in eastern Iowa into the requisite sets of parameters for input into PRMS.
Precipitation, minimum temperature, and maximum temperature were used in the PRMS models of nine river basins in eastern Iowa as the main climatic drivers. In addition to meteorological inputs, PRMS can also use streamflow-gaging station data in place of simulated streamflow. The USGS streamflow-gaging station data and meteorological datasets for precipitation and temperature were collected using the USGS Downsizer program. The PRMS model was calibrated using the Luca program, which is a multiple-objective, stepwise procedure. Calibration and validation periods used in each basin mostly were October 1, 2002, through September 30, 2012, but differed depending on the period of record available for daily mean streamflow measurements at U.S. Geological Survey streamflow-gaging stations.
Overall, PRMS models of nine river basins in eastern Iowa constructed for this investigation satisfactorily estimate daily streamflow at 57 of the 79 calibration and 13 of the 14 validation gaged sites as indicated by the NSE, R 2 , PBIAS, and RSR values. Unsatisfactory performance may be attributed to several factors: (1) low flow, no flow, and flashy flow conditions in headwater subbasins having a small drainage area; (2) poor representation of the groundwater and storage components of flow within a basin; (3) lack of accounting for basin withdrawals and water use; and (4) the availability and accuracy of meteorological input data. In addition, the version of PRMS used for this study will average a short-duration, flashy streamflow event during a daily time step, whereas a more robust subdaily modeling routine may be necessary at the smaller headwater subbasins to accurately reflect flashy, subdaily climatic events. Further refinement and calibration with more detailed information would better guide the proper modeling of these flow components and improve model performance.
The PRMS models of nine river basins in eastern Iowa can provide satisfactory streamflow estimates at model HRU and stream segment scale. The PRMS models will provide a consistent and documented method for estimating streamflow at locations within the basin that may not have available USGS streamflow-gaging station information.
